Descemet membrane endothelial keratoplasty · Vitrectomy · Graft loss · Scleral-fixated intraocular lens Abstract Purpose: The aim of this article is to report an unusual case of postoperative graft loss into the vitreous cavity after Descemet membrane endothelial keratoplasty (DMEK) in a patient with an unstable iris-lens diaphragm (scleral-fixated intraocular lens [sf-IOL]) and its successful retrieval with a favourable outcome. Methods: This is a retrospective case report. Results: DMEK procedure was performed in a vitrectomized eye of an 80-year-old woman with pre-existing sf-IOL due to pseudophakic bullous keratopathy. In the setting of an inadvertently created oversized Ando iridectomy and unstable iris-lens diaphragm due to sf-IOL, repeated loss of an anterior chamber gas tamponade occurred. At the 3rd postoperative day, the patient noticed a change in visual perception, and we could detect a loss of the graft into the vitreous via Bscan ultrasound. A 23-G vitrectomy was performed promptly to recover the graft using a bimanual hand-over-hand technique. Six months after DMEK, the patient had a clear cornea without dehiscences with a central corneal thickness of 533 µm and endothelial cell count of 1,219 cells/mm 2 . Conclusions: This case demonstrates the possibility of graft recovery from the vitreous after DMEK and subsequent corneal clearing despite unstable iris-lens diaphragm and vitrectomized eye.
Introduction
Descemet membrane endothelial keratoplasty (DMEK) is a surgical method to correct endothelial dysfunction by replacing selectively the damaged endothelium with Descemet's membrane [1] . Despite predictable clinical outcomes and good reproducibility, DMEK is still challenging due to certain morphological features of the eye. These include anatomy of the anterior chamber, condition of the iris-lens diaphragm and the status of the vitreous [2] . In general, a shallow or very deep anterior chamber can make the handling and unfolding of the graft difficult [2] . Furthermore, a stable iris-lens diaphragm is required for air injection into the anterior chamber to unfold and push the graft against the posterior surface of the corneal stroma [2] . Therefore, DMEK with a potentially unstable intraocular lens (IOL), like a scleralfixated IOL (sf-IOL), has an increased risk for complications [3] .
We present, to our knowledge as a first description, a case of graft loss into the vitreous in an eye with sf-IOL with subsequent graft recovery and corneal clearance.
Case Report
In 2017, an 80-year-old woman was referred with a complaint of worsening blurry vision in the left eye due to corneal decompensation following a complicated history: a z-sutured sf-IOL [4] was inserted 2 months earlier after IOL loss due to zonular insufficiency. Her best corrected visual acuity (decimal) was 0.8 at the right eye and 0.05 at the left eye. Slit-lamp examination was remarkable for epithelial and stromal oedema with a corneal thickness of 671 μm (Pentacam, Oculus, Germany), but no discernible endothelial cells could be imaged in the left eye by non-contact specular microscopy. The patient had epiretinal gliosis and medically controlled primary open-angle glaucoma with a cup disc ratio of 0.7. The intraocular pressure was 12/14 mm Hg (Goldmann applanation tonometer), respectively. Her medical history was unremarkable except for systemic hypertension.
We performed DMEK surgery according to our standard procedure [5] (graft donor endothelial cell count 2,258 cells/mm 2 ) (Topcon, Tokyo, Japan) using 20% sulphur hexafluoride (SF6) tamponade under parabulbar anaesthesia. Descemetorhexis and the graft were sized 8 mm. Intraoperatively, the attempted iridectomy (IE) with De Wecker scissors was unsuccessful due to difficult iris grasping in the presence of a deep anterior chamber. Therefore, we had to perform the Ando IE with a vitreous cutter, resulting in an inadvertently huge size of IE. Regardless of the complicated intraoperative situation, the graft was placed correctly, and the anterior chamber was filled with 20% SF6 gas. Postoperatively, the patient had to stay in supine position.
At the first postoperative day, anterior chamber tamponade was missing, so that we performed rebubbling with 20% SF6. Nevertheless, there was again a lack of gas tamponade in the anterior chamber after repeated rebubbling, and a reliable statement on the position of the graft could not be made due to persistent corneal oedema in the further postoperative course ( Fig. 1a ). On the 3rd postoperative day, the patient reported a recent change in visual perception with a rolled-up shadow swimming like a floater. However, as the view was difficult due to the corneal oedema, we did ultrasonographic assessment of the eye, localising the dislocated graft in the vitreous (Fig. 2 ). On the same day, a 23-G pars plana vitrectomy with 20% SF6 tamponade was performed, achieving an uncomplicated transplant recovery.
Intraoperatively, the graft could be gripped with an Eckardt forceps (Bausch & Lomb GmbH, Germany) and relocated into the anterior chamber using inverse forceps in a hand-over-hand technique, transferring the transplant through the IE into the anterior chamber. The rolled-up graft was unfolded with a Göttinger spatula and irrigation cannula (Geuder, Heidelberg, Germany). The correct orientation of the graft could be determined by the curl tendency. All sclerotomies were sutured with 8.0 Vicryl sutures. To prevent any further re-dislocation, we repeated anterior chamber tamponade by rebubbling again on the 1st and 2nd postoperative day. The patient had to stay in strict supine position. On the tenth day after the initial DMEK, the graft remained well, despite a lack of anterior chamber tamponade ( Fig. 1b ). With continued postoperative treatment with Inflanefran eye drops (Prednisolone acetate, Allergan Pharmaceuticals, Ireland) 6 times a day, corneal clearing was noticed on follow-up at 2 weeks postoperatively with a best corrected visual acuity of 0.2.
Further planned visits at 2, 3 and 6 months showed clear cornea without graft dehiscence ( Fig. 1c, Fig. 3 ). At the final follow-up at 6 months, best corrected visual acuity was 0.4 (decimal), intraocular pressure 8 mm Hg and the corneal thickness 533 μm. The donor endothelial cell density decreased from 2,258 cells/mm 2 preoperatively to 1,219 cells/mm 2 6 months after DMEK (Fig. 4) . A limiting factor of visual acuity is a pre-existing glaucoma and epiretinal gliosis with metamorphopsia. Because of social issues, the patient did not want further surgical procedures.
Discussion
Even if complications remain low in DMEK compared to other keratoplasty techniques, certain anatomical features of the eye can cause complications and affect rebubbling rates. We were able to demonstrate in this case report that a graft loss can occur through the compromised iris-lens diaphragm in the presence of iris deficiency created by inadvertent large-sized IE. In such situations, the successful survival of the graft could be achieved without the need for externalization of the graft. To the best of our knowledge, this is the first reported case of DMEK graft loss into the vitreous with successful graft recovery.
Afshari et al. [6] reported a series of cases of Descemet stripping automated endothelial keratoplasty (DSAEK) with dislocated donor grafts into the posterior segment. This is a rare complication of DSAEK surgery which could lead to permanent vision loss. Graft dislocations occurred especially in eyes which had undergone previous vitrectomy and complicated intraocular lens placement or which were aphakic. In this particular case series, the final visual acuities after retrieval ranged from 20/30 to no light perception. Afshari et al. [6] concluded that better postoperative results seem to be associated with prompt removal of the posteriorly dislocated graft. Similarly, in our present case, a good postoperative outcome was achieved following the prompt intervention. However, the final visual outcome was limited by coexisting morbidities of glaucoma and epiretinal membrane.
An unstable iris-lens diaphragm increases the risk of dropping the graft into the vitreous during DSEAK [6] . As the DMEK graft is thinner than the DSEAK graft, the risk of dislocation in DMEK is higher [2] . In eyes with an unstable iris-lens diaphragm, the air bubble tends to move behind the iris and scleral-sutured IOL, making the attachment of the graft difficult [7] . To avoid complications of graft dislocation, Weller et al. [2] suggested a 2-step approach with initial stabilisation of the iris-lens diaphragm and secondary DMEK. Likewise, Röck et al. [3] showed that DMEK can be successfully performed in the presence of sf-IOL by simulated digital pressure in the equatorial region and tapping of the corneal surface. In our case, in the presence of sf-IOL in a vitrectomized eye, the instability was further worsened intraoperatively by the inadvertent creation of a large-sized IE. Perhaps, a preoperative laser iridotomy and pre-recognition of the presence of atrophic iris could have averted this. Wells at al. [8] reported a case of intraoperative graft dislocation and a novel hand-over-hand retrieval method from the retinal surface for intraoperatively dislocated DSEAK grafts. We employed this technique without any need for externalization in the re-surgery procedure performed 3 days later in the case of DMEK graft loss.
Another anatomical difficulty in DMEK are vitrectomized eyes [9] . Those eyes might be susceptible to recurrent globe collapse on intraoperative manipulation due to lack of posterior support [9] . Nevertheless, Yoeruek et al. [9] and Weller et al. [2] were able to show in retrospective evaluations that DMEK is possible and successful despite complex preoperative situations, such as already vitrectomized eyes. Likewise, in our case, we were able to attach the donor graft successfully despite vitrectomy and unstable iris-lens diaphragm.
The repeated interventions and increased manipulation of the donor graft could affect the graft's endothelial cell viability [9] . The difficulties during the unfolding and manipulation of the donor graft contribute to graft failure [10] . The importance of avoiding a possible contact with endothelium has been well demonstrated by Parekh et al. [11] , showing more than 90% endothelial cell loss in uncovered areas. In this case, endothelial cell density decreased by 46% after 6 months of DMEK. Due to manipulation and possible direct contact, this endothelial cell loss is higher than in other research groups, reporting an average endothelial cell loss of 30% within the first 6 months [12] [13] [14] . This increased cell loss could lead to a graft failure as a result. Although it has been shown in some reports that a conscious or accidental central Descemetorhexis without keratoplasty can lead to a recovery of the stromal oedema [15, 16] , and even very large central corneal endothelial defects could become repopulated with endothelial cells in patients with Fuchs endothelial dystrophy [17] , Lee and Munir [18] could show that the potential for endothelial cell regeneration might be limited and could result in a renewed corneal decompensation in the clinical long-term course of 2.5 years. Therefore, continuous observation of the patient is necessary to timely detect renewed indication for keratoplasty [18] .
This case demonstrates the possibility of graft recovery from the vitreous after DMEK, despite unstable iris-lens diaphragm and vitrectomized eye, by hand-over-hand technique without externalization of the graft and subsequent corneal clearing. Long-term observation of the patient is desirable because of possible further endothelial cell loss and subsequent corneal decompensation.
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